. Moreover, because the TANs have distinctive firing charpopulation responses were tightly correlated with the probability that a given stimulus would evoke a behavacteristics, they can be readily recognized during recording experiments. This allowed us to monitor the ioral response. Such a network signal, proportional to current response probability, could be crucial to the activity of a single type of local circuit neuron in the awake behaving primate in relation to the activity of a learning and decision functions of the basal ganglia. single muscle.
increase in the number of TANs responding to the CS, from a low of 11% of those recorded during the last week of habituation to a high of 92% of those recorded during subsequent conditioning.
Like TAN responses previously reported for rewardassociated conditioning stimuli (Aosaki et al., 1995 (Aosaki et al., , 1994b ; Apicella et al., 1996, 1997; Sardo et al., 2000) , the responses to the CS during aversive conditioning typically included a ca. 120 ms long decrease in firing rate ("pause" response) about 110 ms after the CS, followed by an increase in firing ( Figure 2C ). Some TANs also had an initial excitatory response, and the rebound excitation following the pause response often was followed by a further pause-rebound cycle (cf. Aosaki et al., 1994b; Ravel et al., 1999; Raz et al., 1996) . Early in training, a majority of the TANs also responded to the airpuff that served as the US, but responses to the US decreased during conditioning (from 100% to 40% of the TANs recorded in M7).
Extinction training, in which the aversive US was omitted, led to a rapid decline in the behavioral responses to the CS and also in the responsiveness of the striatal TANs. In M7 (Figure 2A ), EMG responses fell to 24% and TAN responses fell to 20%. Thus, during the eyeblink conditioning and subsequent extinction training, both the behavioral responses and the responses of striatal TANs showed marked plasticity.
Responses to Aversive and Rewarding Stimuli Can Co-Occur in a Single TAN
The fact that we trained the monkeys in both reward and aversive conditioning paradigms meant that we could category (rewarding for M6 and M7, and aversive for M9), over half of all TANs responded to both types of stimuli (61% for M6, 78% for M7, and 65% for M9). and reward conditioning ( Figure 1A) . We identified TANs These data, together with those of Ravel et al. (1999) , by their irregular tonic 2-10 spikes/s activity and by demonstrate that many TANs respond to conditioning their spike waveforms, characterized by a wide (2-5 ms) stimuli whether they are associated with rewarding or action potential and prolonged after-hyperpolarization aversive unconditioned stimuli. (Aosaki et al., 1994b) . In all, we recorded from 986 TANs in the caudate nucleus and putamen ( Figure 1B ) from seven hemispheres in the four monkeys.
TAN Responses to Sensory Stimuli Vary with Behavioral Habituation
We first recorded TAN and EMG activity during conditioning in the two monkeys thoroughly habituated to the To test whether familiarity with the stimuli used as CSs would also systematically influence TAN responconditioning stimuli (M7 and M9; Figure 1A ). Figure 2 illustrates the results for monkey M7. At the beginning siveness, we examined the effect of repeated exposure to neutral tone stimuli on TAN and EMG responses in of conditioning, the monkey exhibited a strong EMG response to the airpuff (average latency 37 Ϯ 16 ms) three of the monkeys (M8, M7, and M9; Figure 1 ). As shown for monkey M8 in Figure 4 , both the behavioral but little response to the tone that served as a CS. With training, however, EMG responses to the CS increased blink responses as measured by orbicularis oculi EMG recordings ( Figure 4A ) and the neuronal responses as rapidly, and by behavioral asymptote, they occurred in response to about 97% of the CS presentations. The measured by the percentage of responsive TANs (Figures 4B and 4C ) declined sharply during such habituamean latency of the conditional response was 118 Ϯ 50 ms. During the same training period, there was a sharp tion training. We took the opportunity to look for any obvious differences in behavioral and neural responsivThe Population Responses of Striatal TANs to Conditioned Stimuli Parallel the Probability ity to the tones that might be related to general laboratory experience. Monkey M7 had more than two years of Conditioned Responses to These Stimuli The fact that many TANs responded to conditioning tone of lab experience, during part of which she had been exposed to the tone sounds, whereas monkey M9 had stimuli in both reward and aversive conditioning, and also in proportion to the novelty and intensity of the participated in other experiments for only 20 weeks and had no experience with the tone stimuli used in the tone stimuli, suggested that the TAN responses might reflect general stimulus salience (cf. Aosaki et al., 1994b; present experiments (Figure 1) . The initial responses to the tones were lower in M7, which had previous expoRavel et al., 1999). An alternative interpretation, however, was that the responses of these striatal neurons sure to these tone stimuli (24% responsive TANs), than in M9, which did not have such previous exposure (35% were more closely related to the behavioral response itself, indicating, for example, whether a response was responsive TANs) ( Figure 5) . Correspondingly, the effects of habituation were smaller in the more experioccurring. To approach this issue, we first asked whether TAN responses were more tightly linked to the enced monkey (M7) and were larger in the less experienced monkey (M9), which remained reactive (across CS or to the conditioned eyeblink (CR) that followed it during aversive conditioning. all stimulus conditions, responses fell from 35% to 17% in M9 and from 24% to 11% in M7). In both monkeys, We carried out a trial by trial analysis of the TAN pause-rebound responses recorded in M6, M7, and M9 for any given level of exposure, the louder the tone stimulus, the more responsive were the TANs (Figures in relation to the CS and CR events in the same trials. We then calculated the coefficients of variation (CV ϭ 4D-4G). These results raise the possibility that not only associative learning brought about by the formal condi-SD/mean) for the occurrence and the latencies of these events. We found that TAN responses to the CS were tioning and extinction training, but also simple stimulus intensity and incidental learning that occurred as a result not invariably present in every trial in which an EMG response occurred, so that for any given blink response, of repeated exposure to the same stimuli, systematically . Our present results suggest that such a binding function could that, when summed over a population of TANs, indicate the probability that a behavioral response to a given involve a population response related to outcome probability. Our experiments were limited to measuring one stimulus will occur.
TANs as Local Network Interneurons Biasing
Our observations strongly suggest that this probabiresponse to the tone stimuli, so that how general such a population signal might be in predicting response outlistic signal is built up by past experience. The responsiveness of the TANs was adjusted from day to day and come is a matter of speculation. Nor have we addressed possible attentional effects. As a working hypothesis, week to week to signal the likelihood of a response under the current training conditions. This plasticity suggests however, we suggest that the TANs could signal the probability of response outcome across a wide range that the TANs of the striatum are exquisitely sensitive to the statistical environment in which the CSs and CRs of potential responses. Such a generalized function would fit their broad distribution and similarity of reoccur. Striatal TANs thus, as a population, carry a signal that predicts context-dependent behavioral outcome. sponse characteristics in a given context.
How much biasing of striatal network function could occur as a result of TAN activity is an open question, TANs as Integrators of Inputs Related to the Relevance of Stimuli for Behavior
because the output targets of physiologically identified TANs have not been identified. Experimental evidence Our experiments did not address the issue of whether the probabilistic signal carried by the TANs is conveyed is available, however, about the output targets of striatal cholinergic interneurons, to which TANs are thought to to them by striatal afferents or is generated within the striatum by the TANs themselves by integration of differcorrespond, and about the potential effects of striatal acetylcholine, which largely originates from these inent inputs related to affective valence, salience, and behavioral outcome. In addition to inputs from the reterneurons ( For the trial by trial analyses, we selected TANs that showed a were trained 5 days per week in a monkey chamber while seated in statistically significant excitation after the pause response detected a primate chair with head fixed and fitted with a recording chamber.
in the PSTH generated for the block analyses. We designed this Auditory stimuli were presented in blocks of 30-50 trials either alone method to eliminate the problem in accurately detecting the onset (habituation and extinction protocols) or paired with water reward of a pause response on a trial by trial basis due to the low tonic (reward conditioning) or with an airpuff (20 psi) directed to the left firing rates (2-10 spikes/s) of the TANs. This method allowed us to eye (aversive conditioning). Training schedules were varied across measure reliably the latency of the TAN responses as the first spike monkeys ( Figure 1A) , and the monkeys were chosen to span a range evoked in the post-pause excitatory rebound response. (Figures 2 and 4) 
